Objective. To examine the relationship between frailty and pain, particularly to analyze whether pain predicts physical, psychological and social frailty, after controlling for the effects of life-course determinants and comorbidity.
Introduction
Frailty is the term used in geriatrics to describe a clinical syndrome in which the individual is in a state of increased vulnerability to stressors, which entails a high risk of adverse outcomes, such as functional deterioration, hospitalization, institutionalization, and death [1] [2] [3] [4] [5] . Although it is generally recognized that the prevalence of frailty increases with age, particularly affecting persons older than 80 years, the precise prevalence rates depend of the definition of frailty [4, 6] . In fact, there are different approaches regarding the specific components of frailty [7] [8] [9] [10] . The presence of exclusively physical manifestations (weight loss, low physical activity, exhaustion, slowed performance, and weakness) that constitute the Frailty Phenotype [11] , and the accumulation of various deficits (e.g., disabilities, symptoms, signs, diseases) that create a Frailty Index [2] , are the most popular approaches. Currently, some definitions of frailty tend to include psychological and social components in addition to physical components, and exclude disability as part of frailty [1, 7, 8, 12, 13] .
Frailty can occur as the result of the interplay between a significantly diminished physiological capacity, life-course determinants and medical conditions [5, 14, 15] . These conditions, particularly chronic illnesses such as cancer and osteoarticular diseases, are likewise documented as an evident source of pain in the elderly [16, 17] . In fact, pain is also highly prevalent in older populations, and its interference with everyday life increases significantly with age [18] [19] [20] . Furthermore, if untreated, pain may have a severe impact on the physical, psychological and social domains of functioning [17, [21] [22] [23] [24] . Therefore, it seems reasonable to hypothesize that pain and frailty may be linked, and particularly that pain, in older individuals who most likely already suffer from chronic illness, can increase their vulnerability and lead to frailty situations.
To our knowledge, Blyth et al. [25] published the first study focused on specifically examining the relationship between frailty and pain, and found that those already frail (with ! 3 components of the Frailty Phenotype) were more likely to report pain. As then, several studies have corroborated the hypothesis of frailty being positively associated with pain [26] [27] [28] [29] . Although the direction of the association has not yet been established, the hypothesis of pain diminishing the physiological reserves needed to maintain homeostasis when faced with biological, psychological or social stressors, and precipitating frailty, proposed by Shega et al. [29] based on the concept of pain homeostenosis [30] , seems to be well supported.
Considering the conceptualized relationship between pain and frailty, and that in previous research frailty has only been measured according to more traditional approaches to the concept (as a physical syndrome/ Frailty Phenotype or as a result of the accumulation of deficits/Frailty Index), undervaluing the importance of psychosocial components, the present study aims to examine whether pain predicts multidimensional frailty (physical, psychological, and social) in a sample of community dwelling elderly individuals.
Methods

Study Design and Sample
A cross-sectional exploratory study was designed using a nonprobabilistic sample of 252 elderly persons from Porto, which is an urban area of Portugal. Participants volunteered after information regarding the study was disclosed in 16 local community institutions (social, recreation and day care centers, as well as senior universities).
Volunteers had to be community dwellers aged 65 years and over. Individuals who were unable to speak Portuguese, or with severe cognitive impairment (i.e., scored < 10 in Mini Mental State Examination [31, 32] , according to guidelines of the National Institute for Health and Care Excellence [33] ), were excluded. Consequently, five volunteers were excluded because of severe cognitive deficits ( Figure 1 ).
Participants were interviewed in the institutions through which they were contacted. Data collection was carried out from May to September 2013 by trained researchers. The study was approved by the institutional review board and all participants gave their written informed consent.
Measures
Frailty and determinants of frailty were assessed with the Tilburg Frailty Indicator (TFI) [34] . The TFI is an operationalization of the Integral Conceptual Model of Frailty [12, [35] [36] [37] , which defines it as a dynamic predisability state resulting from losses in physical, psychological and/or social domains. Besides clearly differentiating frailty from disability, this holistic definition is more in line with the conceptualization of health as physical, psychological and social well-being [35] . Furthermore, previous studies have shown that this definition, operationalized by TFI, makes it a valid instrument to predict disability, health care utilization and quality of life [37] [38] [39] . This tool consists of a brief self-report screening questionnaire divided in two subscales. The first subscale (10 items) assesses the determinants of frailty proposed in the Figure 1 Enrollment of participants.
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model: sociodemographic characteristics (age, gender, marital status, ethnicity, level of education, income); life events in the last year (death of a loved one, serious illness, serious illness in a loved one, divorce or end of an important relationship, traffic accident, crime); assessment of how healthy the respondent's lifestyle is; satisfaction with their home living environment; and the presence of two or more chronic diseases. The second subscale (15 items) measures physical frailty (physical health, unexplained weight loss, difficulty in walking, difficulty in maintaining balance, hearing problems, vision problems, lack of strength in hands, and physical tiredness), psychological frailty (cognition, depression and anxiety symptoms and coping), and social frailty (living alone, social relations and social support). All items are rated dichotomously (0-1), and scores for each frailty domain and a total frailty score are produced. Higher scores refer to higher frailty. In the present study, the Portuguese version of TFI [40] was used (internal consistency ¼ 0.78) and individuals who scored !6 were considered frail.
Pain was measured with the Pain Impact Questionnaire (PIQ-6) [41] . PIQ-6 is a brief (six-item) self-report questionnaire with a standard 4-week recall period. It was developed using conventional and item response theory methods, based on a bank of 65 pain items selected from 16 widely used generic and disease-specific measures. This tool comprises one item scored in a 6-point scale (regarding the presence/severity of pain) and five items scored in a 5-point scale (three questions about the impact of pain on functional status, and two questions regarding the impact of pain on emotional wellbeing). The total score ranges from 40 to 78 points, resulting from the sum of the weighted responses (each response choice is converted accordingly to a specific weight, calculated in the original validation study [41] ). Higher PIQ-6 scores indicate greater pain impact. The Portuguese version of PIQ-6 [42] was used (internal consistency ¼ 0.92).
Statistical Analysis
Descriptive statistical analysis was performed using proportions and measures of central tendency and dispersion, according to the variables' nature. Independent sample t-tests were performed to compare frailty and pain according to gender and age, to ascertain whether frailty was higher in women and in the group of oldest old individuals as described in the literature [4] . Hierarchical regression analysis were conducted to ascertain whether pain (independent variable) predicted frailty in general and each frailty domain (dependent variables), after controlling for the effect of determinants of frailty (covariates) in frailty variance. Age, gender, marital status, ethnicity, level of education, income, life events, lifestyle, living environment, and comorbidity were included in the first step of the regression, and pain in the second, for each frailty score. As in previous studies [37, 43] , life event "serious illness in the last year" was excluded from the analysis because it overlaps with comorbidity. Likewise, marital status was not considered for the prediction of total frailty and social frailty because it is closely linked with the TFI item "living alone". Secondarily, a logistic regression analysis was conducted to ascertain whether pain is independently associated with the presence of frailty (TFI score ! 6), adjusting for relevant covariates. Two-tailed tests were used throughout all analysis and a P value < 0.05 was considered statistically significant. All statistical analysis were conducted using IBM SPSS Statistics 22.0 (SPSS, Inc., Chicago, IL, USA).
Results
In the present study, 52.4% of the participants were aged 80 years and over (mean ¼ 79.2 6 7.3), and 75.8% were women. Most of the individuals were Portuguese (99.6%), widowed (55.6%), and had 4 years of education (78.2%) and low ( 500 euros) household income (40.9%). Serious illness of a loved one, serious illness and death of a loved one were the most often reported life events (28.2%, 22.2%, and 21.8%, respectively). In the sample, 54.4% described their lifestyle as healthy, 79.0% were satisfied with their living environment, and 53.2% reported the presence of two or more chronic illnesses. The mean pain impact score was 53.8 (610.7). The mean frailty total score was 6.0 (63.4), and 2.9 (62.2), 1.7 (61.1), and 1.4 (61.0) for physical, psychological, and social frailty, respectively. Furthermore, 54.8% of the participants were identified as frail. See Table 1 for further details regarding the characteristics of the participants.
There were statistically significant differences between participants aged 65-79 years and those aged !80 years in physical frailty scores, although not in psychological, social and total frailty, and in pain. Conversely, there were significant differences between men and women in regard to total frailty, physical frailty, psychological frailty, social frailty, and pain. Frailty and pain impact was higher in women. See Table 2 for additional details regarding t-test results.
Regarding the regression analysis, variables that revealed low frequencies (<5%) were excluded: ethnicity (due to the low percentage of non-Portuguese individuals) and life events "divorce or end of important relationship" and "traffic accident". A dummy variable "cohabit" ("1" for married/living with partner and "0" for unmarried, separated/divorced and widow/widower) was created as an alternative to marital status. Gender was rated "1" for women and "0" for men. Lifestyle was rated "1" for "healthy", "2" for "not healthy, not unhealthy", and "3" for "Unhealthy" in the hierarchical regression analysis, whereas in the logistic regression it was rated "0" for "healthy" and "1" for "not healthy, not unhealthy/unhealthy".
The results of the hierarchical regression analysis (Table 3) Conversely, through the logistic regression analysis (Table 4) it was also possible to ascertain that the pain impact score was independently associated with frailty (odds ratio 1.06; 95% CI 1.03-1.10; P < 0.001).
Discussion
More severe pain that interfered with daily life and wellbeing was independently associated with higher frailty, particularly with physical and psychological frailty. Although the present exploratory study cannot explain the causal direction of this association, these findings provide important evidence to support the hypothesis that pain can precipitate and/or worsen frailty in elderly populations.
The present study strengthens the current body of evidence regarding the possible relationship between frailty and pain, for two major reasons: first, a well-validated six-item tool, the PIQ-6 [41] , was used to measure the severity of pain and its impact within a 4-week recall period, while in previous studies a single question was used to assess either the severity of pain (e.g., "How much bodily pain have you had during the past 4 weeks?" [26, 29] ), or its interference with function (e.g., "During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the home and housework)"? [25] ). The second reason underlined is that in previous studies frailty was assessed as a whole (with individuals being categorized as frail, prefrail and not frail), and considered exclusively as a physical condition [25, 27, 28] or as an accumulation of deficits mainly related to function and comorbidity [26, 29] , in this study it was shown that pain has a different association with the overall scores of distinct domains of frailty: physical, psychological, and social.
Particularly, the present study showed that pain could predict physical frailty. This can be explained by the well-documented impact of pain on physical function. In fact, pain has been connected with mobility limitations, fatigue, and decreased nutritional intake [24, [44] [45] [46] , which are components of physical frailty, or directly linked to them. Evidence also shows that pain can lead to sleep disturbances [17, 23, 24, 46] , which in turn have been associated with higher physical frailty [47, 48] .
This study also demonstrated that pain could be independently associated with psychological frailty. This was expected considering the robust evidence supporting the complex bidirectional relationship between psychological factors and pain [22, 49, 50] . Previous research provides evidence of fewer complaints of pain in elderly individuals with good coping strategies and without depression [22] . Conversely, some authors highlight that persistent pain can precipitate anxiety and depressive symptoms, as well as cognitive dysfunction [17, 18, 22, 51] .
Finally, the present study found no association between pain and social frailty. Although some authors state that persistent pain can have a negative effect on socialization [22] , the social impact of pain, while certainly related to its physical and psychological consequences, seems therefore less evident. In fact, a previous study shows that there are no significant differences in the social networks of elderly whether or not they are in pain [46] . However, it is important to emphasize that the absence of an association between pain and this domain of frailty might be directly linked to the components of social frailty included in TFI (living alone, missing having people around, and not receiving enough social support). Indeed, this set of items might not have led to the detection of the lack of engagement in social activities, which can result from the presence of pain [52] . Table 3 Hierarchical regression of life-course determinants and comorbidity (step 1), and pain (step 2), predicting total frailty, physical frailty, psychological frailty, and social frailty
Step Frailty DR 2 DF df b 95%CI
Step * Age, gender, education, income, life events (death of a loved one, serious illness in a loved one and crime), lifestyle, living environment and comorbidity † Age, gender, cohabitation, education, income, life events (death of a loved one, serious illness in a loved one and crime), lifestyle, living environment and comorbidity ‡ P < 0.05. § P < 0.01. # P < 0.001.
Consistent with other studies [6, [53] [54] [55] , women were frailer and reported more pain than men. These sex-related differences seem to result from the interaction between biological, psychological, and social factors [53, [55] [56] [57] . Also as expected [5, 6] , particularly considering the physical toll of aging, the oldest old (!80 years) had more physical frailty. Conversely, although there is some evidence about the impact of pain increasing with age [19, 20] , PIQ-6 scores were not significantly different between age groups. It is not completely clear how age might affect an individual's experience of pain [22, 55] , with several studies [23, 54, 58] showing that the prevalence of pain is similar across age groups.
The evidence provided by this study highlights the potential importance of the effective treatment of pain to prevent, attenuate or reverse frailty in the elderly. The management of pain is undoubtedly critical for successful aging and for the prevention of adverse health outcomes in later life, such as depression and disability [22, 59, 60] . There is a vast array of pharmacological and nonpharmacological strategies that contribute to the relief of pain, particularly when individually tailored after a comprehensive assessment of the patient [22, 61] . The most common strategy used is the prescription of analgesic drugs (nonopioids, opioids, and adjuvant drugs) [22] . There is some evidence of the usefulness of other medications in pain management, such as vitamin D supplement [17, 21] , which is also considered to have a positive effect on physical frailty [4] . Conversely, effective nonpharmacological approaches are reckoned to be adequate, including physical and occupational therapy, cognitive behavioral therapy and patient and caregiver education programs [21, 22, 29] .
It is possible to argue that pain predicts only a small part of frailty, and that other factors should be targeted to diminish vulnerability in a more cost-effective manner. Nonetheless, several elements should be considered when approaching this topic. Primarily, in the present study, the prediction of frailty with pain is examined after controlling for the effect of a large group of wellestablished determinants of frailty, which could explain why pain only predicted 5.8% of the variance of frailty. Furthermore, the regression coefficient indicates that an increase of one point in the PIQ-6 score is associated with an increase of 0.09 in the total frailty score.
Considering that the score of the PIQ-6 ranges from 40 to 78, maximum pain impact would mean that total frailty score would increase 3.4 points. As the maximum TFI score is 15, this increment should be considered as relevant. Finally, the prevention of frailty should be approached from a multidimensional perspective [4, 7, 62] . Consequently, several modifiable predictors (e.g., lifestyle, home living environment, and pain) of frailty should be targeted to achieve better results.
The main strengths of the present study are the robust statistical procedures performed, and the bolstering of the current evidence supporting the possible association between pain and frailty, especially by analyzing its relationship to each domain of frailty and measuring it precisely. Nonetheless, some limitations should be noted. First, the non-probabilistic sampling method could limit the generalization of the findings. Second, the crosssectional design does not allow the examination of the causality between frailty and pain. Third, considering that the same researcher assessed both frailty and pain, the possibility of bias could be increased. However, taking into account that both frailty and pain were measured through self-report instruments, the effect of bias is reduced. Fourth, pain was not categorized as persistent or acute, since it was measured over a 4-week recall period (persistent pain is only present when the painful sensation lasts for at least 3 months [21]). Considering the potentially cumulative impact of persistent pain over time, the association with frailty could have been different. Nonetheless, previous research has shown that the PIQ-6 score is significantly increased in populations with chronic pain [41] . Therefore, in our study, higher PIQ-6 scores may indicate that the pain is persistent. Finally, considering the PIQ-6 score range, one could argue that the sample's overall pain impact score was low. The mean PIQ-6 score (53.8 6 10.7) in the present study is quite similar to what has been previously observed in elderly individuals from a population-based sample [41] . It is also lower than the pain impact documented in a clinical sample of individuals with chronic pain [41, 42] . Although the results of this study are in agreement with what would be expected from a nonclinical sample, the low impact of pain might have contributed to a feeble association with frailty.
Future research including longitudinal studies will be needed to determine the causality between frailty and pain. The influence of the duration of the painful experience on frailty and each domain, its social impact as well as its association with the physical and psychological consequences of persistent pain, should also be examined. Additionally, studies should focus on analyzing the effectiveness of different pain treatments in preventing or reversing frailty.
In conclusion, this research provides significant evidence to support the potential importance of the assessment and management of pain to prevent frailty in the elderly.
